The relationsbips among Mg, growth, chlrophyll syntbesis, aN cytoplasmic polysome content were studied in Eugkna gracilis grown in different levels of the metal. At 
Magnesium is among the essential macronutrients of plants (14) , but the biochemical basis for this requirement has not been clearly established. Indeed, the problem lies in choosing from among many possible bases for a Mg requirement. The need for Mg has been variously ascribed to its occurrence in Chl and its action as a cofactor for a variety of enzymes, notably those of phosphate transfer (17). Specific requirements for Mg have also been reported for the development of chloroplasts (7, 16 ) and mitochondria (I 1). Since the complexes of Mg with enzymes have relatively low affinities and the metal is easily translocatable throughout the plant, compositional studies can be difficult to interpret.
We have employed progressive Mg deficiency in Euglena gracilis (12) to inquire into the relative priorities between the synthesis of protein and Chl in the cell. Specifically, we asked if a failure in the production of Chl might precede a decrease in the over-all rate of protein synthesis.
As our test organism we chose Euglena gracilis with glucose as the principal carbon source. Under photoheterotrophic conditions, chloroplast development is gratuitous and therefore can easily be separated from global protein synthesis.
MATERIALS AND METHODS
Our strain of E. gracilis (Klebs) is derived from the z strain of Pringsheim, but differs from it in the morphology of its thylakoids. The cells were cultured photoheterotrophically on a modified Hutner medium as described previously (5 Figure IB . Both increase exponentially at all of the concentrations tested but with progressively lower rate constants. The total yield of protein is also progressively decreased, with the yield at 20 fLM Mg lowered to about 30%o of the control culture at 100 hr.
The rates of Chl accumulation are similarly exponential, with decreasing rate constants at the lower levels of Mg (Fig. IC) . The Chl doubling times, however, are always slightly less than the generation times of the respective cultures. Throughout the exponential stages of growth, the ratios of Chl to protein (Fig. 2 (Fig. 2 inset) is consistent with the notion that protein synthesis controls the accumulation of Chl in Mg-deficient photoheterotrophic Euglena. This conclusion is further supported by evidence that protein synthesis is required for normal Chl production when etiolated plant tissues are exposed to light (6, 9) . In view of this seeming dependency, it is surprising to find that the rate of Chl accumulation, while parallel to, is always greater than the rate of protein synthesis.
The that had grown to stationary phase in 20 ttM Mg stimulated cell density and the yield of Chl to nearly normal levels (data not presented). We take this to mean that the changes observed in the cultures were attributable to the level of Mg initially present in the growth medium and not to irreversible changes in the cells.
The stationary phase is usually glucose-limited and the photoheterotrophic cells become auxotrophic. During early stationary phase, Chl synthesis continues at a rate that is sharply diminished (Fig. IC) but nonetheless more rapid than protein synthesis. The Chl to protein ratios of low Mg cultures increase more slowly, to a lesser extent, and at a later time after inoculation than with Mgsufficient cultures. A proportional plot of Chl against protein (Fig.  2 inset) indicates, however, that on the basis of the protein accumulation, the cells grown in 20 uM Mg are slightly CM-rich.
Polysome and RNA Levels. Since we found that Mg deficiency affects the apparent rate and extent ofprotein synthesis in Euglena, we wondered if the lesion could be at the level of the polysomes. We isolated polysomes from midexponential phase cultures of Euglena grown in different concentrations of Mg. The sedimentation profiles for different cultures were compared with respect to two criteria: the ratio of polysomes to total ribosomes; and the size distribution of the polysomes. Our results (not shown) indicate that polysome profiles obtained from Mg-deficient Euglena do not differ significantly from Mg-sufficient cultures. Polysomes extracted from all cultures tested represented about 10%1o of the total cellular RNA and about 50o of the total ribosomes, with pentamers or hexamers the most abundant.
Although there is much evidence demonstrating the need for high levels of Mg by several components of the protein-synthesizing machinery (2, 8, 15) and our results point to a decline in protein synthesis during progressive Mg deficiency, the results obtained from the isolation of polysomes from Euglena are inconclusive. We note that our methods recovered only a small fraction of the total ribosomes of the cell and that Mg itself is required to isolate polysomes; so that substantial differences in the polysome content in vivo might have been missed.
Although our experiments were performed with photoheterotrophically grown organisms, we see no reason to expect that these priorities for Mg would differ within an autotrophic organism. Apart from the advantages of working with a microorganism under controlled conditions, photoheterotrophic Euglena provides a better test for studying the role of Mg than would an obligately autotrophic higher plant. If the production of Chl were essential to the maintenance of normal growth rates, a tight coupling between protein and Chl accumulation, such as we observed, could well have been interpreted to mean that protein synthesis requires Chl formation rather than the other way around.
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